We examined the clinical utility of supplementing type 2 diabetes mellitus (DM) risk counseling with DM genetic test results and counseling. RESEARCH DESIGN AND METHODS: In this randomized controlled trial, non-diabetic overweight/obese veteran outpatients aged 21 to 65 years received DM risk estimates for lifetime risk, family history, and fasting plasma glucose, followed by either genetic test results (CR+G; N = 303) or control eye disease counseling (CR+EYE; N = 298). All participants received brief lifestyle counseling encouraging weight loss to reduce the risk of DM. RESULTS: The mean age was 54 years, 53% of participants were black, and 80% were men. There was no difference between arms in weight (estimated mean difference between CR+G vs. CR+EYE at 3 months = 0.2 kg, 95% CI: −0.3 to 0.7; at 6 months = 0.4 kg, 95 % CI: −0.3 to 1.1), insulin resistance, perceived risk, or physical activity at 3 or 6 months. Calorie and fat intake were lower in the CR+G arm at 3 months (p's ≤ 0.05) but not at 6 months (p's > 0.20). CONCLUSIONS: Providing patients with genetic test results was not more effective in changing patient behavior to reduce the risk of DM compared to conventional risk counseling. Trial registration: ClinicalTrials.gov NCT01060540 http://clinicaltrials.gov/show/NCT01060540
INTRODUCTION
Type 2 diabetes mellitus (DM) is a major cause of disability, reduced quality of life, and early mortality, [1] [2] [3] and its prevalence has increased dramatically in parallel with the rising rates of obesity. 3, 4 However, DM can be delayed or prevented via lifestyle modification and medication. 5 In the Diabetes Prevention Program (DPP), weight loss was a stronger predictor of DM prevention than dietary fat reduction, increased physical activity, or treatment with metformin. 6, 7 Despite the effectiveness of weight loss for reducing the risk of DM, motivating patients to initiate weight loss behaviors can be challenging.
Clinicians frequently inform patients of their disease risk in order to encourage weight loss measures. Indeed, disease risk communication is a key component of behavior theories. 8, 9 Common DM risk factors include demographic characteristics, body mass index (BMI), family history, and blood glucose. While genetic markers have been shown to modestly increase the risk of DM risk, 10 patients with these markers can reduce risk through lifestyle modification. 11, 12 The clinical utility of these markers (i.e., the extent to which they improve patient outcomes) has not been established. We conducted a randomized controlled trial (RCT) to examine whether supplementing conventional DM risk counseling with genetic test counseling and results would affect short-term clinical and behavioral outcomes associated with DM prevention.
METHODS

Design
Details on the study design and protocol were previously reported. 13 In this two-arm RCT, participants attended a risk counseling session with a genetic counselor that involved conventional DM risk counseling plus either a) genetic counseling and test results (CR+G) or b) control eye disease counseling (CR+EYE). The primary outcome was weight at 3 months postenrollment. We chose weight because it is proximal to the development of DM. We assumed that, in the absence of intensive intervention, any impact of genetic risk counseling would be observed in the short term. Secondary outcomes included weight at 6 months; insulin resistance, physical activity, and dietary intake at 3 and 6 months; and perceived risk immediately following risk counseling and at 3 and 6 months. Ethics approval was obtained from the local institutional review board.
Setting, Population, and Recruitment
Participants were recruited from primary care panels at the Durham Veterans Affairs Medical Center (VAMC) and two satellite clinics. Enrollment began in January 2011; follow-up was complete in March 2013. Non-diabetic patients were eligible if they were aged 21 to 65 years, had baseline BMI ≥ 27 kg/m 2 , and were not actively losing weight. Recruitment occurred via letter and telephone call to patients meeting these criteria who had upcoming primary care appointments or who self-referred in response to flyers.
Baseline Visit
Participants provided written informed consent and were asked not to obtain genetic testing from outside resources while enrolled. Age, race, sex, weight, and height were collected by a research assistant (RA) to calculate lifetime risk for DM. Family history of DM was obtained for first-and second-degree relatives. Blood was drawn for fasting plasma glucose (FPG), fasting insulin, and, depending on arm assignment, genetic testing. Perceived risk and level of physical activity 14 were obtained orally by the RA. A food frequency questionnaire 15 was completed by participants at home due to its length.
Randomization
Participants were randomized in blocks within strata defined by weight status (BMI < 35 kg/m 2 vs. ≥ 35 kg/m 2 ) and family history of DM (unknown/low vs. moderate/high). The project coordinator entered BMI, family history, and baseline FPG values into the study database. Once eligibility was confirmed, the randomization scheme was generated using SAS (SAS Institute, Cary, NC, USA). The project coordinator placed a sheet with arm assignment in an opaque envelope to be opened by the genetic counselor during the counseling session; the genetic counselor and participants were blinded until this point. RA's were blinded to arm assignment throughout the study.
DM Risk Counseling
In both arms, conventional risk counseling was delivered by one of two genetic counselors, who provided information on definition, prevalence, negative outcomes, and risk factors for DM. Participants received personalized estimates for a) lifetime DM risk based on age, race, sex, and BMI 16 , b) family history-based DM risk 17 , and c) FPG-based DM risk. Participants in the CR+G arm had blood analyzed for three DMrelated genes (Rs7903146C>T on TCF7L2, Rs1801282C>G on PPARγ, and Rs5219T>C on KCNJ11). 13 These singlenucleotide polymorphisms (SNPs) were among the most studied and validated in mixed-race populations at study conception. 18 Although additional SNPs were discovered after startup, we were unable to test them. These additional SNPs have not substantially increased clinical validity. 19 Genetic testing was performed at the Duke University Clinical Molecular Diagnostics Laboratory.
In adherence to guidelines for enhanced risk communication, 20 risk was communicated with plain language and visually represented with vertical bar graphs using traffic light colors, as these were perceived as effective by our target population. 13 For each risk factor, a participant's level of risk was assigned to one of three categories (low = green, moderate = yellow, high = red), with data on the various risk factors based on different statistics, time frames, and reference groups. This method of risk categorization is consistent with the notion that people focus on gist rather than numerical precision of risk information. 21 After patients were presented with risk information based on demographics/BMI, family history, and FPG, the genetic counselor opened the opaque envelope containing the randomization assignment, and participants in the CR+G arm received more extensive information on genetics and its role in DM. They were informed that DM genetic markers represent increased risk rather than a definitive determination of the eventual presence of DM. CR+G participants received personalized genetic test results using a color-coded vertical bar graph. Patients were informed that we had tested three of the best-validated genetic markers, that risk levels could differ if more markers were tested, and that lifestyle modification could prevent or delay DM onset even if genetic results indicated increased risk.
Participants in the CR+EYE arm received education on agerelated macular degeneration, cataracts, and glaucoma, as there is little overlap between these recommended preventive strategies and DM prevention strategies. Although DM is a risk factor for eye disease, the genetic counselor did not emphasize this risk, such that the control counseling would be unlikely to motivate participants with regard to preventing DM. The control eye disease counseling was matched in duration to the genetic counseling. 13 CR+EYE participants did not receive genetic testing.
Next, all participants received brief lifestyle counseling encouraging weight loss. Participants were urged to reduce calories, portions, and refined carbohydrate intake, to increase intake of non-starchy vegetables and lean proteins, and to engage in moderate physical activity and/or walking at least 30 min per day, five days per week. 22 Metformin use was not addressed. To mimic a plausible scenario of implementing genetic counseling and testing in primary care, participants were not subsequently enrolled in an intensive lifestyle intervention. All were, however, advised of a weight loss program freely available to VA patients (MOVE!). 23 Participants were provided with a summary of the risk information and informational pamphlets about DM, diet, physical activity, and, in the CR+G arm, genetic information. 13 Fidelity to the risk counseling protocol was maximized by development of a slide set, standardized training for genetic counselors, audio recording of > 50% of the counseling sessions, and review of a random subset of the recorded sessions and direct observation by the first author.
Outcome Measures
Clinical and health behavior outcomes were assessed at baseline and at 3 and 6 months, with 3 months as the primary endpoint. Assessment of all outcomes except perceived lifetime risk of DM were conducted by an RA blinded to arm assignment; perceived risk was collected by the genetic counselor at the end of the risk counseling session and by a blinded RA at 3 and 6 months. Participants received $25 for each assessment visit.
Weight was measured on a standardized digital scale, with participants wearing light clothing and shoes removed. Blood for FPG and insulin was obtained after a 12-hour fast. Improvements in insulin action were determined by calculating insulin resistance (HOMA2-IR) using the updated homeostasis model assessment (HOMA) calculator (http://www.dtu.ox.ac.uk/homacalculator/). Perceived lifetime risk was evaluated with a single item (BWhat are your chances of getting type 2 diabetes in your lifetime^) on a scale anchored by Bdefinitely will not get diabetes^1 and Bdefinitely will get diabetes^7. Dietary intake was assessed with the Block Brief 2000 Food Frequency Questionnaire (FFQ), 15 with a 3-month recall period. We analyzed calorie, carbohydrate, protein, and fat intake, as these were emphasized in our counseling protocol. Daily physical activity was evaluated using the long version of the International Physical Activity Questionnaire (IPAQ) 14 ; we analyzed moderate physical activity and walking, which were emphasized in our counseling protocol.
Statistical Analyses
Power and sample size calculations assumed a null hypothesis of no between-arm difference in 3-month weight, and used methods for analysis of covariance in randomized trials. 24 We assumed a standard deviation of approximately 24.8 kg at 3 months, a correlation of 0.90 between baseline and 3-month weights, and a 3-month attrition rate of 10%. 25 With an α = 0.05 (two-sided), a sample size of 300 per arm yielded 80% power to detect a clinically meaningful 2.7 kg difference in weight between arms. 26 Following intention-to-treat standards, participants were analyzed in their assigned arms, regardless of risk counseling attendance. 27 Statistical analyses were performed using SAS for Windows (Version 9.2; SAS Institute, Cary, NC, USA). For primary analyses, we fit repeated-measures linear mixed models (LMM) with an unstructured covariance model. 28 Primary predictors included indicators for the 3-and 6-month follow-up times and interactions between treatment arm and follow-up time, following a constrained longitudinal data analysis (cLDA) approach in which baseline measurements were assumed to be equal between arms. 29 All available patient data were used. The final models included stratification variables for weight status and family history of DM.
We followed a similar modeling strategy for the continuous secondary outcomes. The perceived risk LMM included additional indicator variables for the post-counseling follow-up time and the interaction of treatment by post-counseling follow-up. Intake of calories, saturated fat, monounsaturated fat, and polyunsaturated fat were log-transformed. For physical activity variables, we fit a generalized LMM using a negative binomial distribution with a log link function, since the distribution of these variables followed a Poisson-type process. 30 In preplanned exploratory analyses, we examined whether the intervention effect on weight differed by family history risk level or genetic counselor and, among participants in the CR+G arm, genetic risk level (see online supplement).
RESULTS
Participants
Recruitment letters were mailed to 3621 patients meeting initial eligibility criteria, and 83 additional patients selfreferred (Fig. 1) . Of 3342 patients for whom eligibility was assessed via telephone, 675 were scheduled for baseline interviews. Of those, 47 declined enrollment at the baseline visit prior to consent. Of 628 patients who consented to participate, 27 were excluded due to low weight or high FPG values. Thus, 601 patients were randomized (303 to CR+G, 298 to CR+EYE), of whom 534 attended the risk counseling session. Outcome assessment visits were attended by 506 participants at 3 months (84%) and 472 participants at 6 months (79%). The mean age was 54 years, and most participants were black, male, and had a post-high school education (Table 1) . Nearly one-third had a BMI ≥ 35 kg/m 2 , and more than half had moderate or high family history-based DM risk. Over 60% of participants had high lifetime DM risk, whereas over 80% had low DM risk based on baseline FPG levels. In the CR+G arm, 24% were at high genetic risk, 37% were at moderate risk, and 38% were at low risk.
Primary and Secondary Outcomes
Estimated mean weight did not differ between arms at 3 months [(CR+G)−(CR+EYE) = 0.2 kg, 95 % CI: −0.3, 0.7; p = 0.44] or at 6 months (mean difference = 0.4 kg, 95 % CI: −0.3, 1.1; p = 0.27), nor did insulin resistance (HOMA2-IR) (p = 0.19 and 0.12 at 3 and 6 months, respectively; Table 2 ). Perceived lifetime risk did not differ between arms at any time point (all p > 0.38). Daily calorie intake was lower in the CR+G arm than the CR+EYE arm at 3 months (p = 0.05), but there was no difference between arms at 6 months (p = 0.20). The percentage of calories from carbohydrates, protein, fat, and saturated fat intake did not differ between arms at 3 or 6 months (all p ≥ 0.07). Monounsaturated fat and polyunsaturated fat were lower in the CR+G than the CR+EYE arm at 3 months (all p ≤ 0.04) but not at 6 months (all p ≥ 0.26). There were no between-arm differences in the estimated duration of moderate-intensity physical activity or walking at 3 or 6 months (all p > 0.22; Table 3 ). Post hoc analyses showed no differential treatment effect on weight by family history risk level at 3 (p = 0.99 for interaction) or 6 months (p = 0.98 for interaction). There was no differential treatment effect on weight by genetic counselor at 3 (p = 0.37 for interaction) or 6 months (p = 0.21 for interaction). Among CR+G participants, there was no difference in weight by genetic risk level at 3 or 6 months (all p = 0.42 and 0.36 for interactions, respectively).
Intervention Cost
Intervention cost in the CR+G arm was estimated individually for each genetic counselor because they differed in the average amount of time spent conducting intervention activities (118 vs. 82 min) and in salary. Given an estimated $7.00 per session in overhead costs, genetic testing cost of $125, and blood draw cost of $3.00 per participant, the total intervention cost was $207.03 for the first genetic counselor and $178.78 for the second.
DISCUSSION
Although intensive lifestyle interventions are the gold standard for weight loss, 31 a single brief intervention can motivate some patients to change their behavior, 32 and reflects the reality of most primary care settings. Therefore, it is important to determine whether brief interventions provided in primary care can be augmented by strategies such as incorporation of genetic counseling and testing. Communicating genetic risk for DM had a positive but small effect on dietary intake at 3 months that was not sustained at 6 months and did not translate to clinically meaningful weight loss or improvements in insulin sensitivity at either time point. The largely null effect occurred despite delivery of the intervention by a genetic counselor specifically trained to communicate genetic risk and to encourage risk-reduction behavior and with the addition of brief behavioral goal-setting.
Genetic information is likely to affect risk-reduction behavior if it is perceived to be the only, or strongest, risk factor. 35 We informed participants that genetic information was one of several risk factors, that the magnitude of various risk factors could differ across individuals, and that risk could be reduced by behavior change even in the presence of increased genetic risk. Reactions to risk information tend to be heterogeneous and unpredictable, however, underscoring the importance of our study.
Our findings are consistent with a study in which 108 overweight patients were randomized to either receive or not receive genetic testing prior to initiating a 12-week lifestyle intervention. 33 In comparisons of higher-and lower-risk patients to notest controls, there were no differences in risk perception, motivation, confidence, program attendance, or weight loss. Our study had a larger sample size, was powered to detect a clinically significant difference in 3-month weight (instead of program attendance or readiness to change), and included patients of all risk levels (instead of excluding moderate-risk participants). Despite differences in the primary research question and methods, findings from these two studies converged to suggest that communication of genetic test results using currently available methods is unlikely to produce a meaningful effect in DM prevention.
One limitation of our study was that we tested only three of at least 65 genetic markers that have been identified. Although scores comprising combinations of genetic markers may have increased prediction in some groups, the range of odds ratios remained less than 2.0, lower than the risk conferred by family history. 36, 37 Indeed, some may question the value of evaluating the clinical utility of genetic information when the data on clinical validity remains questionable. 19 The answer is that patient perceptions are often not aligned with objective data, and genetic markers could therefore have great clinical utility even if not substantial clinical validity. 34 Given the time required to conduct and disseminate the findings from trials such as ours, it is important to investigate clinical utility even as researchers seek genetic markers that increase clinical validity. As additional markers and risk scores are validated, the underlying algorithm to classify risk levels can be updated to accommodate this new information. Another limitation was that health behaviors were selfreported and thus were subject to recall bias and social desirability. A third limitation was that we were unable to examine the incidence of DM given the study duration and sample size. A fourth limitation was the lack of adequate power to conduct subgroup analyses. We powered on the main effect of arm assignment rather than an interaction with genetic risk level (in the CR+G arm), because of the uncertainty about how genetic risk level might affect outcomes: people who learn that they are at high genetic risk may become motivated or fatalistic, increasing or decreasing adherence to health behaviors, respectively. A fifth limitation was that the rate of missing data was greater than the 10% rate we assumed for our power calculation, and a greater amount of data was missing for the FFQ than for other measures because it was completed at home. Missingness was equal between arms, and our modeling approach yielded unbiased results when missing outcomes were related to either observed covariates or responses. 38 Finally, our study was conducted in a single VAMC, which may limit generalizability.
One strength of our study was the randomized prospective design, which allowed us to examine the incremental effectiveness of genetic counseling and testing beyond conventional risk factors. DM is also an excellent prototype disease for this issue because a) patients wish to avoid developing what can be a debilitating disease, b) much is known about the environmental and genetic contributors to its development, and c) evidence underscores behavior change as the best way to prevent its development.
Given the multiple and increasing demands in primary care, absent compelling evidence of clinical utility, providers are unlikely to add genetic counseling and testing to their repertoire. On the basis of our study and others, it is premature to offer genetic testing for DM in primary care. Future research may identify patient subgroups for whom DM genetic counseling and testing have a clinically meaningful impact on outcomes or more powerful ways of delivering genetic risk information to engage patients in preventive behaviors. Until such subgroups or methods are identified, patients are unlikely to realize health benefits from DM genetic testing.
